Introduction {#sec1}
============

Primary care is thought to bear over half the cost of treating infections in the UK (£6 billion per year) with 5.5 million GP consultations for respiratory infections alone.[@bib1] NHS Direct[@bib2] a nurse led national telephone health helpline established in 1999, provides the opportunity to examine a new source of reported respiratory disease in England and Wales, some of which may go unrecorded by traditional information and surveillance systems (GP and hospital). Published work about NHS Direct 'respiratory' calls suggests that some of the temporal variation may be related to the seasonality of influenza.[@bib3] Many other pathogens (viral and bacterial) may cause respiratory disease, however, and the relative contribution of these pathogens to NHS Direct calls has not been estimated. Describing and quantifying the burden of respiratory disease is necessary to identify health priorities and provide evidence to support future research and development.

Annual rises in respiratory diseases such as influenza, the emergence of new infections such as SARS and 'avian flu', and the potential of bio-terrorist attacks to cause widespread disease, means timely and representative disease surveillance data are desirable. NHS Direct call centre data have been monitored for surveillance purposes since 2001 (the NHS Direct Syndromic Surveillance System[@bib4]) in order to provide early warning of a rise in community morbidity. Syndromic surveillance systems use a variety of pre-diagnostic data sources (e.g. ambulance encounters,[@bib5] A&E admissions,[@bib6] pharmacy sales,[@bib7] calls to health help-lines[@bib4] in an attempt to identify outbreaks and incidents of public health importance. Although NHS Direct syndromic data have alerted public health teams to national or local rises in illness [@bib4] there is no mechanism for routine microbiological confirmation of the cause of NHS Direct calls about presumed infections. Comparison of trends in NHS Direct calls against laboratory reports may, therefore, help elucidate a likely cause of NHS Direct respiratory calls, and help interpret surveillance trends.

In this report we describe the seasonal variation in NHS Direct respiratory calls and use a multiple linear regression model to estimate the contribution of different respiratory pathogens to this variation. A similar technique has been used previously to estimate the contribution of respiratory syncytial virus (RSV) and other respiratory pathogens to hospital admissions for lower respiratory tract infections,[@bib8] and the contribution of pneumococcal disease to GP consultations.[@bib9]

Methods {#sec2}
=======

Weekly counts of NHS Direct calls about 'cold/flu' (CF), cough (C), fever (F), and difficulty breathing (DB) in England and Wales were extracted from the NHS Direct syndromic surveillance database for the period from October 2002 to October 2004 (all ages and 0--4 years separately). The appropriateness of classifying fever as a respiratory call is discussed later. NHS Direct data for cough calls (0--4 years) were only available for December 2002--October 2004 and difficulty breathing calls (0--4 years) for April 2003--October 2004. There are no formal case definitions for NHS Direct respiratory syndromes (as symptoms are self-reported and triaged remotely) and data extraction was based on the clinical algorithms ('cold/flu', 'cough', 'fever' or 'difficulty breathing') selected by the NHS Direct nurses handling the calls.

Weekly counts of laboratory reports (by earliest specimen date) of the following main causes of respiratory disease were extracted from the Health Protection Agency Centre for Infections database of laboratory reports for England and Wales (LabBase), from October 2002 to October 2004 (all ages and 0--4 years separately):Respiratory syncytial virus (RSV)InfluenzaParainfluenzaRhinovirusAdenovirusCoronavirusInvasive *Streptococcus pneumoniaeMycoplasma pneumoniaeKlebsiella pneumoniaeCoxiella burnetiiLegionella* species*Bordetella pertussis*Invasive *Haemophilus influenzaeChlamydia pneumoniaeChlamydia psittaciMoraxella catarrhalis*

LabBase is a national HPA Centre for Infections database that collects laboratory reports of all micro-organisms isolated at approximately 400 NHS and other laboratories throughout England, Wales, and Northern Ireland. Although enhanced and separate community surveillance systems exist for some pathogens (e.g. influenza,[@bib10] legionella[@bib11]) a single source of laboratory data was preferred to reduce selection bias between different systems.

For each pathogen we compared trends in laboratory reports for all ages and 0--4 years. If both age groups exhibited a similar seasonality then all ages data were used to make the seasonal pattern more distinct. Two binary dummy variables ('Christmas bank holiday week' and 'other public holiday weeks') were created to account for excess out-of-hours demand for NHS Direct during public holiday periods (i.e. when many GP surgeries are closed).

Using methods previously described,[@bib12] multiple linear regression models were constructed to estimate the weekly proportion of NHS Direct respiratory calls (all ages and 0--4 years separately) attributable to respiratory pathogens (explanatory variables) (SPSS v13.0 was used). This method uses a regression model to estimate how the seasonal variation in laboratory reports is reflected within the variation in NHS Direct calls. Linear regression models assume that the relationship between the dependent and explanatory variables is linear and that the model errors are distributed normally and do not exhibit serial correlation. A constant number of NHS Direct calls due to other infectious or non-infectious disease (other causes) was assumed within each model. Variables that contributed little to the model were removed by backward stepwise regression. This technique gradually removes the variable that causes the smallest reduction in *R* ^2^ (goodness of fit of the model) until removal of a further variable causes a significant reduction in *R* ^2^ (by the *F*-test). Once non-significant variables were removed, any remaining significant variables with negative coefficients were also removed from the model as it was considered biologically implausible that they negatively influence the number of NHS Direct calls. The model was then re-estimated with the remaining variables (Model1). Possible model misspecification was tested by constructing alternative models to examine the changes in coefficients of the final model (Model1) to sequential deletion of significant variables. Model residuals were examined for autocorrelation.

Estimates were made of the proportion of NHS Direct calls attributable to each significant respiratory pathogen over the 2 year period and by week. We also estimated the proportion of NHS Direct calls attributable to influenza and RSV during periods of high activity (influenza and RSV 'seasons'). Influenza seasons were defined as continuous periods during which the weekly number of influenza reports exceeded 10 (this accounted for 92% of total influenza reports). RSV seasons were continuous periods when the weekly number of RSV reports exceeded 100 (87% of total RSV reports). From the estimated proportion of calls about specific pathogens, the estimated incidence per 100,000 of NHS Direct calls due to specific pathogens was calculated for England and Wales.

Results {#sec3}
=======

NHS Direct respiratory calls {#sec3.1}
----------------------------

Between October 2002 and October 2004 there were 601,454 calls about the four respiratory syndromes, 45% classified as fever, 32% cough, 13% difficulty breathing and 10% cold/flu ( [Table 1](#tbl1){ref-type="table"}). These four syndromes comprised 8% of total NHS Direct calls. Of the 292,867 respiratory calls about children under 5 years, 62% were classified as fever, 29% cough, 8% difficulty breathing and 1% cold/flu. There were two peaks in calls about cold/flu and fever occurring in February--April 2003 and November 2003. Peaks in cough and difficulty breathing calls occurred at the end of December (week 52) during 2002 and 2003.Table 1Numbers of NHS Direct calls for respiratory symptoms/syndromes in England and Wales (October 2002--October 2004)NHS Direct symptom/syndromeNumber of calls (all ages)Number of calls (0--4 years)Fever272812182972Cough19057883476[a](#tblfn1){ref-type="table-fn"}Difficulty breathing7731722471[b](#tblfn2){ref-type="table-fn"}Cold/flu607473948  Total601454292867[^1][^2]

Laboratory reports of respiratory pathogens {#sec3.2}
-------------------------------------------

For the 2 year period there were 49,652 laboratory reports, 20,257 (41%) of which were about children under 5 years. RSV was the most commonly recorded pathogen for all ages (13,544 reports) and children under 5 years (8048). The seasonality of respiratory pathogens varied between those with distinct winter peaks (e.g. RSV, weekly range 1--835 reports) ( [Fig. 1](#fig1){ref-type="fig"}) and those with no clear seasonality (e.g. adenovirus, range 22--70 reports).Figure 1Weekly variation in laboratory reports of respiratory pathogens (October 2002--October 2004), displayed as a proportion of total reports for each pathogen. (Pathogens that significantly influenced the models are colour coded; pathogens with \<100 reports per year are not displayed).

Model results {#sec3.3}
-------------

The models explained 79%, 91%, 71% of the seasonal variation in cold/flu (Model CF1), cough (Model C1), fever (Model F1) ( [Table 2](#tbl2){ref-type="table"}). For the 0--4 year age group, the models explained 88% of the variation in cough calls (Model C1 (0--4 years)) and 76% of the variation in fever calls (Model F1 (0--4 years)) ([Table 2](#tbl2){ref-type="table"}). Model CF1 (0--4 years) explained 75% of the variation on cold/flu calls. However, the NHS Direct cold/flu clinical algorithm is rarely used to handle calls about children under 5 years (averaging only 37 calls per week in England and Wales) so full results of Model CF1 (0--4 years) are not presented in [Table 2](#tbl2){ref-type="table"}. Detailed results of the difficulty breathing models are also not reported as the power of both models was low (Model DB1: *R* ^2^  = 0.23, Model DB (0--4 years): *R* ^2^  = 0.48).Table 2Estimated proportion (%) of NHS Direct respiratory calls attributable to specific pathogens for England and Wales (October 2002--October 2004), and the sensitivity of the model results (*R*^2^)PathogenCold/flu calls (all ages)Cough calls (all ages)Cough calls (0--4 years)Fever (all ages)Fever (0--4 years)Model CF1 final modelModel CF2Model CF3Model C1 final modelModel C2Model C3Model C1 (0--4 years) final modelModel C2 (0--4 years)Model C3 (0--4 years)Model F1 final modelModel F1 (0--4 years) final modelModel F2 (0--4 years)Influenza2225261517--192023131314RSV------1215181617--------Rhinovirus810--6----10----------Parainfluenza----------6----------*Streptococcus pneumoniae*33----20----------19--*Haemophilus influenzae*------------------19----*Mycoplasma pneumoniae*----------3----------Christmas and other bank holidays------342222------Other causes376574436480446175686886*R*^2^0.790.720.710.910.870.500.880.860.540.710.760.68

Estimated contribution of respiratory pathogens to NHS Direct calls {#sec3.4}
-------------------------------------------------------------------

[Table 2](#tbl2){ref-type="table"} presents the estimated proportion of NHS Direct calls attributable to specific respiratory pathogens. The best-fitting parsimonious model suggested that over the 2 year period, influenza accounted for 22% of cold/flu calls (all ages), 15% of cough calls (all ages), 19% of cough calls (0--4 years), 13% of fever calls (all ages) and 13% of fever calls (0--4 years), with RSV accounting for 12% and 16% of cough calls (all ages and 0--4 years). The contribution of influenza and RSV to NHS Direct respiratory calls, however, was confined mainly to the influenza season (weeks 51/02--19/03 and 41/03--02/04) and RSV seasons (45/02--05/03 and 47/03--09/04) ( [Figure 2](#fig2){ref-type="fig"}, [Figure 3](#fig3){ref-type="fig"}, [Figure 4](#fig4){ref-type="fig"}). During the two influenza seasons influenza was estimated to account for 25% and 51% of cold/flu calls (all ages), and 17% and 41% of fever calls (0--4 years). RSV accounted for 19% and 37% of cough calls (all ages) and 25% and 38% of cough (0--4 years) during successive RSV seasons. The other main contributory variable was *S. pneumoniae*, estimated to account for 33% of cold/flu calls (all ages), 19% of fever calls (0--4 years), and 20% of cough calls (all ages) over 2 years.Figure 2Comparison of the observed number of NHS Direct 'cold/flu' calls (all ages) with the estimated numbers due to influenza, *Streptococcus pneumoniae*, rhinovirus and other causes (October 2002--October 2004) (model CF1).Figure 3(a) Comparison of the observed number of NHS Direct cough calls (all ages) with the estimated numbers due to influenza, RSV, *Streptococcus pneumoniae*, rhinovirus, bank holidays and other causes (October 2002--October 2004) (model C1). (b) Comparison of the observed number of NHS Direct cough calls (0--4 years) with the estimated numbers due to influenza, RSV, *Mycoplasma pneumoniae*, rhinovirus, parainfluenza, bank holidays and other causes (October 2002--October 2004) (model C1 (0--4 years)).Figure 4Comparison of the observed number of NHS Direct fever calls (0--4 years) with the estimated numbers due to influenza, *Streptococcus pneumoniae* and other causes (October 2002--October 2004) (model F1).

[Figure 2](#fig2){ref-type="fig"}, [Figure 3](#fig3){ref-type="fig"}, [Figure 4](#fig4){ref-type="fig"} show the weekly estimates of the contribution of respiratory disease pathogens to NHS Direct cold/flu calls, cough calls (all calls and 0--4 years separately), and fever calls (0--4 years). They illustrate the relatively high but short lived contribution of influenza and RSV during seasonal bursts, and the year round contribution, with December/January peaks, of *S. pneumoniae*. The model estimates generally corresponded to the observed number of NHS Direct calls, although the cold/flu and cough models provided poor estimates for weeks 39/04 to 45/04 (Figs. [2](#fig2){ref-type="fig"} and [3](#fig3){ref-type="fig"}a,b).

There appeared to be little confounding between diseases with similar seasonality and clinical presentation (e.g. influenza and RSV) as removing either of these variables from the final models resulted in only minor increases in the estimated contribution of the remaining variables. For example, dropping RSV, rhinovirus and parainfluenza from model C1 (0--4) led to a small estimated increase in the contribution of influenza from 19% to 23% (model C3 (0--4)) ([Table 2](#tbl2){ref-type="table"}).

Estimated incidence {#sec3.5}
-------------------

The estimated mean annual incidence of NHS Direct respiratory calls (cold/flu + cough + fever calls) attributable to influenza was 72.6 per 100,000, and to *S. pneumoniae* (cold/flu + cough) 55.5 per 100,000 ( [Table 3](#tbl3){ref-type="table"}). The estimated incidence of NHS Direct cough calls attributable to RSV was 21.3 per 100,000. NHS Direct respiratory calls about children under 5 years attributable to influenza were estimated to be 630.9 per 100,000, 210.2 per 100,000 for RSV and 565.5 per 100,000 for *S. pneumoniae*.Table 3Estimated annual incidence of NHS Direct respiratory calls due to specific pathogens (per 100,000 with 95% confidence intervals) for England and Wales (October 2002--October 2004)Cold/flu (all ages)Cough (all ages)Fever (all ages)Total (all ages)Cold/flu (0--4 years)Cough (0--4 years)Fever (0--4 years)Total (0--4 years)Model CF1Model C1Model F1Model CF1 (0--4 years)Model1 (0--4 years)Model F1 (0--4 years)Influenza12.8 (11.2--14.5)27.2 (23.9--30.4)32.6 (28.3--36.9)72.6 (63.4--81.8)16.3 (13.9--18.7)247.1 (213.3--280.5)367.5 (321.4--413.9)630.9 (548.6--713.1)RSV--21.3 (17.2--25.4)--21.3 (17.2--25.4)7.3 (4.6--10.2)202.9 (161.4--244.4)--210.2 (166--254.6)*Streptococcus pneumoniae*19.1 (12.7--25.5)36.2 (21.6--50.6)--55.5 (34.3--76.1)23.5 (14.1--32.8)--542 (360.2--723.8)565.5 (374.3--756.6)*Haemophilus influenzae*----48.9 (29.6--68.2)48.9 (29.6--68.2)--------*Mycoplasma pneumoniae*----------39.3 (4.8--73.9)--39.3 (4.8--73.9)Rhinovirus4.4 (0.5--8.1)11.2 (3.1--19.2)--15.6 (3.6--27.3)--126.6 (39.8--213.4)--126.6 (39.8--213.4)Parainfluenza----------81.5 (10.7--152.3)--81.5 (10.7--152.3)

Discussion {#sec4}
==========

Annual peaks in NHS Direct cough and difficulty breathing calls occurred in late December, whereas peaks in cold/flu and fever calls were less predictable and occurred between November and April. The regression models estimated that at least half of the seasonal variation in NHS Direct respiratory calls was due to the seasonality of influenza and RSV. During short lived winter periods, influenza and RSV accounted for half of the NHS Direct calls about cold/flu, cough and fever. Rhinovirus accounted for a tenth of cold/flu and cough calls, distributed evenly throughout the year, with parainfluenza estimated to account for a quarter of cough calls (0--4 years) during spring. The main bacterial cause of NHS Direct respiratory calls was *S. pneumoniae*, with an estimated year round contribution, peaking during mid-winter. The cough models demonstrated the importance of incorporating a bank holiday factor when modelling NHS Direct call data and provide evidence that closure of GP surgeries during bank holidays stimulates acute demand for NHS Direct: a third of all cough calls during Christmas week were accounted for by this bank holiday effect.

Although a good fit was achieved for the final cold/flu, fever and cough models, methodological problems were encountered. Dropping variables with negative coefficients from the models before re-estimating is an inelegant approach to multiple linear regression. Resulting bias due to this is considered negligible, however, as the removal of these variables did not greatly alter the values of the significant positive coefficients (e.g. RSV, influenza, *S. pneumoniae*) in the final models. The statistical models described here use laboratory data which are subject to case ascertainment bias. For example, common causes of respiratory infections (e.g. coronavirus,[@bib13] and human metapneumovirus[@bib14]) that peak during winter, are rarely tested for and are therefore present in low numbers within LabBase. These pathogens do contribute to the intercept (other causes), however, and are therefore implicitly included within our models. Consequently, over estimation of the contribution of significant variables (e.g. RSV, influenza, and *S. pneumoniae*) is considered negligible.

The low sensitivity of the two difficulty breathing models (*R* ^2^  = 0.23 and 0.48) may have been improved by adding environmental factors (e.g. pollen, air quality) as explanatory variables. This could also have improved the model estimates of the number of cough calls during October--November 2004, when large model residuals were encountered. Previous work has implicated environmental pollutants in sudden increases in difficulty breathing calls[@bib15] and further work is needed to explore non-microbiological influences on NHS Direct respiratory calls. Not surprisingly, we noted a relatively high estimated proportion of fever calls due to other causes (\>60% in models F1 and F1 (0--4 years)), which are likely to be caused by a variety of exanthema, gastrointestinal illness and other diseases.

NHS Direct currently handles approximately 7 million clinical calls per year compared to 190 million GP consultations[@bib16] and 14 million A&E admissions in England and Wales.[@bib17] The estimates of specific respiratory diseases reported to NHS Direct provide additional baseline data to be placed alongside GP and hospital data when assessing the burden of disease and evaluating the potential impact of vaccination strategies (e.g. for pneumococcal vaccine[@bib18]). The results highlight the importance of influenza, RSV and *S. pneumoniae* infections in respiratory symptoms reported to NHS Direct, supporting previous work showing these diseases also impact substantially on GP consultations[@bib9], [@bib19] and hospitalisations[@bib8], [@bib14] in the UK. The contribution of *S. pneumoniae* disease to NHS Direct respiratory calls (an estimated 92,000 calls per year; one-sixth of total NHS Direct respiratory calls) compares to an estimated 700,000 annual GP consultations (approximately 25% of community acquired pneumonia (CAP) and otitis media),[@bib9] and 29% of patients admitted to hospital with CAP[@bib20] (20% for children under 5 years[@bib8]). The NHS Direct estimate is likely to be lower because the NHS Direct denominator (total respiratory calls) covers a wider and potentially milder spectrum of disease than the GP denominator (GP CAP and otitis media) and hospital denominator (admissions for CAP).

With regard to influenza, a pilot study has demonstrated that when NHS Direct callers self-sampled for influenza and posted diagnostic samples to a central laboratory over a 3 month winter period, 16% had laboratory confirmed influenza, with positivity rising above 30% during peak weeks.[@bib21] These data support our model estimates (one in three cold/flu calls attributable to influenza during the flu season). Perhaps it is not surprising that an adult suffering from what they consider to be an unusually severe respiratory illness (likely to be more than a common cold) will phone NHS Direct. Common respiratory viruses that cause mild to moderate upper respiratory infections had a smaller estimated contribution to NHS Direct calls (e.g. rhinovirus) or were not significant within our models (e.g. adenovirus). Finally, the two winters covering the study period were characterised by low levels of influenza activity.[@bib22], [@bib23] The estimated contribution of influenza to NHS Direct respiratory calls, 13--22% during our study, is dependent on epidemiological conditions and would be greater during years with more virulent strains of influenza.

The weekly estimates of the contribution of different pathogens to NHS Direct respiratory calls will provide greater confidence in interpreting sudden rises in calls detected through syndromic surveillance. For example, a sharp rise in cold/flu calls from adults and/or rise in fever calls about children may represent an increase in influenza circulating in the community. A rise in cough calls during November/December may indicate a rise in RSV and also influenza; a rise during January to March suggest only influenza; and a rise during spring may indicate a rise in parainfluenza infections. The use of this intelligence within the NHS Direct syndromic surveillance system will complement other primary care surveillance systems: the weekly returns service of the RCGP[@bib10] and the newly established Q-Research system.[@bib24] These pathogen specific estimates may also be of use for NHS winter planners in managing elective hospital admissions and in informing the health service of impending problems. Similarly, analysis of emergency department respiratory syndrome data in the US suggests these data could be a useful early indicator of influenza and RSV circulation.[@bib25]

This work has provided a detailed weekly picture of the type of respiratory infections, throughout the year, that cause people to phone NHS Direct. This has implications for the advice offered by NHS Direct nurses in handling respiratory calls (currently 8% of total symptomatic calls). The supporting clinical advice and rationales within the decision support system used by NHS Direct nurses (NHS CAS) can be modified to reflect awareness of the prevailing respiratory infections. For example, this would include specific advice on seeking urgent help in the event of RSV being the likely cause of significant acute respiratory impairment in a child (bronchiolitis).

Conclusion {#sec5}
==========

In this report we have described the seasonality of NHS Direct respiratory calls and have used a relatively straightforward modelling technique to estimate the proportions of NHS Direct calls attributable to specific microbiological causes. This suggests that at least half of the variation in NHS Direct respiratory calls is explained by the seasonality of common respiratory viruses, notably influenza and RSV. There is also a significant year round contribution of *S. pneumoniae* infections, peaking during winter. The results of this work will be used to provide detailed estimates of the burden of specific respiratory diseases reported to NHS Direct; advise NHS Direct on the timing and aetiology of respiratory calls; and help interpret syndromic surveillance data used to provide early warning of community rises in respiratory infections.

We would like to thank NHS Direct for providing NHS Direct call data and Neville Verlander of the Health Protection Agency Centre for Infections for advice on the statistical aspects of this work.

[^1]: Data for cough calls (0--4 years) from weeks 52/02 to 45/04.

[^2]: Data for difficulty breathing calls (0--4 years) from weeks 15/03 to 45/04.
